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ABSTRACT 
 
 In order to examine the effect of defoliation and late-season stress on yield, yield components and dry mat-
ter partitioning of grain corn cv. Single-cross 704 in Kermanshah, Iran, an experiment was conducted in June 
2011 as a split-plot experiment based on a Randomized Complete Block Design with three replications. The 
main plot was devoted to defoliation at seven levels of control, tassel removal, cab leaf removal, upper leaves 
removal (upper than the position of cab formation), lower leaves removal (lower than the position of cab forma-
tion), removal of three lower leaves and removal of three upper leaves. In addition, the sub-plot was devoted to 
water stress including no irrigation and irrigation intervals of 6, 12 and 18 days. The treatments were imposed 
on 50% of plants at tasseling stage. It was found that the highest grain yield (1377.23 g m-2) was produced by 
control and the lowest one (1014.49 g m-2) by the treatment of lower leaves removal. Also, the effect of irriga-
tion interval was significant on this trait, so that the highest yield (1404.41 g m-2) was produced by the irrigation 
interval of 6 days and the lowest one (805.36 g m-2) by no-irrigation treatment. The highest 1000-grain weight 
(302.04 g) was obtained under control treatment and the lowest one (245.13 g) under the treatment of lower 
leaves removal. The highest dry biomass (3450.40 g m-2) was produced by control and the lowest one (2570 
g m-2) by the treatment of upper leaves removal. In addition, the effect of irrigation interval was significant for 
dry biomass. The highest dry biomass (3464.39 g m-2) was produced under 6-day irrigation interval and the low-
est one (2118.64 g m-2) under no irrigation treatment. The highest leaf dry weight (465.98 g m-2) was observed 
in control and the lowest one (296.38 g m-2) in the treatment of upper leaves removal. The effect of irrigation 
interval, too, was significant on this trait, so that the highest leaf dry weight (460.55 g m-2) was observed in 6-
day irrigation interval and the lowest one (267.07 g m-2) in no-irrigation treatment. The highest leaf area index 
(4.27) was related to control and the lowest one (2.91) to the treatment of lower leaves removal. Additionally, 
the effect of irrigation interval was significant for this trait, so that the highest and lowest leaf area indices (4.16 
and 2.42) were obtained under 6-day irrigation interval and no irrigation treatment, respectively. Results re-
vealed that defoliation did not significantly influence stem dry weight, but the effect of irrigation interval was 
significant for it, so that the highest and lowest stem dry weight (1152.14 and 740.66 g m-2) were produced un-
der 6-day irrigation interval and no-irrigation treatment. The effect of defoliation and water stress was not sig-
nificant on harvest index. The interaction between defoliation and water stress was not significant for the studied 
traits. 
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Introduction 
 
 Maize (Zea mays L.) is known as a high-yielding 
grain which is the third important grain in the world 
after wheat and rice in terms of total production [16]. 
Efficient use of solar radiation by a crop requires 
maximum interception of radiation by its green tis-

sues [18]. Post-pollination mechanical transformation 
of tassel structure for better light penetration increas-
es the yield [5]. Different methods of defoliation 
have different effects on dry matter accumulation and 
yield of corn. Defoliation may reduce dry matter 
accumulation [21]. Some consequences of the re-
moval of upper leaves and male inflorescence in-
clude better penetration of light into crop cover, low-
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er plant lodging, less competition between male in-
florescence and cab over assimilates as well as some 
responses of the plant to stress such as assimilate 
remobilization from stem and leaves to grains, higher 
photosynthesis efficiency of remaining leaves, higher 
chlorophyll concentration, the activity of PEP car-
boxylase and so on [4]. Grain filling depends on the 
transport of fixed carbon from leaves. Cab removal 
results in the accumulation of dry matter in leaf, pod 
and leaf blade and accelerates the senescence of 
leaves. Defoliation decreases the number of develop-
ing grains and increases the soluble sugars in upper 
leaves of cab about 10 days after pollination [17]. 
Grain yield has a negative, direct relationship with 
the number of defoliated leaves. The maximum loss 
of yield results from the removal of all leaves a few 
days after anthesis. The removal of three upper 
leaves influences grain total dry matter [9]. Leaf and 
tassel removal reduces yield and grain number. Corn 
tassel which is a redundant organ after pollination 
absorbs 20-40% of intercepted radiation at high den-
sities and decreases the radiation intercepted by 
leaves [5]. 
 
Review of Literature: 
 
 Efficient use of solar radiation by a crop requires 
maximum interception of radiation by its green tis-
sues [18]. The assimilates produced by upper leaves 
of cab and five lower leaves are mobilized to grains. 
However, assimilate partitioning pattern is highly 
flexible. If upper leaves are removed or were shaded, 
lower leaves will take the responsibility of feeding 
the grains [1]. Mojaddam et al. [13] showed that 
grain yield was decreased as the drought stress was 
intensified. This loss of grain yield was mainly re-
lated to the loss of grain number per cab and 1000-
grain weight. The highest and lowest assimilates re-
mobilization rates were obtained under optimum 
irrigation and mild drought stress, respectively. As 
drought stress was increased, current photosynthesis 
was significantly decreased. Defoliation indirectly 
results in the loss of yield by decreasing photosyn-
thesis and when the shoot constitutes the economical 
yield, it directly affects the yield. In total, defoliation 
influences all growth and development processes and 
consequently, the shoot. In various studies, it has 
been observed that leaf area index, shoot dry weight, 
yield and yield components are adversely affected by 
defoliation [14]. Some optimum consequences of the 
removal of upper leaves and male inflorescence in-
clude the better penetration of light into plant cover, 
lower plant lodging, less competition between male 
inflorescence and cab over assimilates and some res-
ponses of the plant to stress such as the remobiliza-
tion of assimilates from stem and leaves to grains, 
the increase in photosynthesis efficiency of remain-
ing leaves, the increase in the concentration of chlo-
rophyll and carboxylase, etc. [4]. Nelson [15] re-

ported that stress application could directly and indi-
rectly affect the grain yield of corn. Setter et al. [19] 
stated that grain-setting process was determined by 
the photosynthesis of leaves and the amount of su-
gars, starch, abscisic acid and cytokinin and that wa-
ter deficiency five days before pollination as well as 
at initial stages of pollination resulted in the loss of 
grain setting at terminal parts of the cab. Hamzi-
Alvanagh et al. [7] reported the positive response of 
yield to the removal of male inflorescence and inte-
restingly, the amount of yield increase was higher at 
higher densities than at lower densities. Assimilates 
are usually partitioned from the closest destination to 
the consuming part. For example, upper leaves main-
ly export assimilates to the tip of stalks and lower 
and medial leaves to both roots and leaves. 
 
Objectives of study: 
 
1. Calculation of source limitation generated after 

anthesis initiation 
2. Study on effect initial source loss on secondary 

source activation 
3. Study on effect of water stress on yield and yield 

components 
 
Materials and Methods 
 
 The present study was carried out in Mahidasht 
county of Kermanshah, Iran (Long. of 34°16´24´´ N., 
Lat. of 46°46´54´´, Alt. of 1374 m.). The texture of 
the soil of the study field was silt-clay with pH of 7.8 
and electrical conductivity of 0.7 mmos. The study 
was conducted after the opening of tassels at anthesis 
stage. The main treatments included the removal of 
cab leaves, upper leaves of cab, lower leaves of cab, 
tassel, three upper leaves of cab and three lower 
leaves of cab, and control. The sub-plots included no 
irrigation and irrigation interval at three levels of 6, 
12 and 18 days. The plots were 42 m2 with 8 rows as 
ridge and furrow with inter-row spacing of 75 cm 
and on-row inter-plant spacing of 20 cm. To decrease 
the marginal effects, the plots were separated by one 
75-cm planting row and they were spaced 1.5 m 
apart. The sampling was started 62 days after plant-
ing of control treatment. At each sampling stage, 
three plants were cut from crown, were transferred to 
laboratory, and then, their different parts were taken 
apart in order to measure leaf area index (LAI), leaf 
dry weight (LDW), dry biomass, grain yield, 1000-
grain weight (TGW) , stem dry weight (SDW) and 
harvest index (HI). 
 
Measurement of Studied Traits: 
 
Leaf area index (LAI): 
 
 At each sampling, three plants were selected 
from each experimental plot and then, their LAI was 
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determined by measuring the length and the highest 
width of their leaves as follows: 
 

75.0××= WLS  
 
where, S was leaf area, L was leaf length and W was 
leaf width. 
 

AOF
SLAI =  

 
where, AOF was the area of occupied field. 
 
 Leaf dry weight (LDW): after measuring the area 
of the harvested leaves, they were packed and oven-
dried for 72 hours. Then, the samples were weighed. 
 Dry biomass: at sampling stage, three plants 
were cut from crown and oven-dried for 72 hours at 
72°C. Then, the sample was weighed.  
 Grain yield: at sampling stage, three plants were 
selected. Then, the cabs were separated from the 
plants, grain dry weight was determined and the re-
sults were analyzed. 
 Thousand-grain weight (TGW): at final harvest, 
three plants were selected from each experimental 
plot and then, ten 100-grain groups were weighed to 
have 1000-grain weight. 
 Stem dry weight (SDW): after sampling, the 
stems were packed and oven-dried for 72 hours to 
determine their dry weight. 
 Harvest index (HI): following the final harvest, 
it was calculated by dividing economical yield by 
biological yield and multiplying the results in 100. 
 
Results: 
 
Leaf area index: 
 
 Analysis of variance showed that defoliation 
significantly affected LAI and on the basis of means 
comparison, it can be said that the highest LAI of 
4.273 was obtained from control and the lowest one 
of 2.913 from the removal of lower leaves of cab. In 
addition, the effect of irrigation interval was signifi-
cant on this trait, so that the highest and lowest LAI’s 
(4.163 and 2.429) were obtained from 6-day irriga-
tion interval and no irrigation treatment, respectively. 
Results revealed that LAI was uniform until the ap-
plication of treatments and the effect of defoliation 
on LAI varied with the intensity of defoliation and 
the position of defoliated leaves. According to Fig. 
1,3, it can be said that the removal of upper leaves of 
cab resulted in the loss of LAI owing to the removal 
of young leaves causing the penetration of more light 
into the lower leaves which was followed by the se-
nescence of leaves. Therefore, light could not posi-
tively influence the decrease in LAI. The variations 
of LAI showed that the main cause of LAI loss was 
the senescence of leaves and its variations as affected 

by the removal of the lower leaves of cab can be ex-
plained by the fact that the removal of these leaves 
which had greater area resulted in the severe loss of 
LAI and that in younger leaves, LAI was constant 
due to having higher leaf area, while in all experi-
mental treatments, LAI decreased. The loss of LAI 
by the removal of upper leaves of cab can be related 
to the senescence of leaves because in this treatment, 
the upper leaves of cab which were younger were 
removed and the remaining leaves accelerated the 
rate of LAI loss due to their senescence. In a study 
on the effect of defoliation, Board [3] found that the 
removal of one-third of leaves at the middle of grain 
filling period decreased LAI by 41%. 
 
Leaf dry weight: 

 
 Analysis of variance revealed that defoliation 
significantly influenced LDW and as means compar-
ison for different treatments showed, the highest 
LDW (465.983 g m-2) was obtained from control and 
the lowest one (296.381 g m-2) from the removal of 
upper leaves. Also, the effect of irrigation interval 
was significant on this trait, so that the highest LDW 
(460.551 g m-2) was produced by 6-day irrigation 
interval and the lowest one (267.072 g m-2) by no-
irrigation treatment. Setter et al. [19] reported that 
moisture stress at pollination stage influenced grain 
setting of corn by decreasing photosynthesis and 
decreased grain number per cab row owing to the 
increase in the number of sterile pollens which were 
produced due to the deficiency of assimilates. 
 
Stem dry weight: 

 
 According to the results of analysis of variance 
and Fig. 3, it can be said that leaf removal did not 
significantly influence SDW, but that the effect of 
irrigation interval was significant on it, so that the 
highest SDW (1152.14 g m-2) was obtained under the 
irrigation interval of 6 days and the lowest one 
(740.66 g m-2) under no-irrigation treatment. The 
highest STW (1140.972 g m-2) was associated with 
control and the lowest one (891.317 g m-2) with the 
treatment of the removal of upper leaves of cab but 
there were no significant differences between these 
two treatments in terms of SDW. Given that the 
treatments were applied at anthesis stage when the 
stem has the maximum dry weight, the difference in 
weight can be related to the remobilization of re-
serves from stem to other organs which is a proof of 
the relative capacity of stem for storing assimilates. 
Stem dry weight was decreased in the treatment of 
the removal of upper leaves of cab compared to con-
trol which indicates the deficiency of assimilates and 
the incapability of leaves in supplying enough assi-
milates. Therefore, stem remobilizes its reserve as-
similates to grains. Owing to having younger leaves 
with lower photosynthesizing area, the treatment of 
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the removal of the lower leaves of cab had lower 
assimilate reserve in stem. In addition, more assimi-
lates were remobilized from stem to grains in the 
treatment of the removal of three upper leaves of cab 
than in the treatment of the removal of three lower 
leaves of cab. As Lonker reported, like other grains, 
corn produces more assimilates than its requirement 
at a certain growth stage. Therefore, these assimilates 
are stored in stem as unstructured carbohydrates. 
Removing all leaves 12 and 24 days after 50% silk-
ing, Jones and Sirnmons [11] observed that the re-
moval of leaves 12 days after 50% silking resulted in 
the loss of stem carbohydrates concentration with 
less gradient than their removal 24 days after 50% 
silking. Thus, sink (cab) demand was lower than the 
initial time. Kabiri [12] reported that the remobiliza-
tion of soluble solid materials of stem to grains va-
ried with cultivar and that the time of leaf removal 
influenced the remobilization of assimilates, so that 

the more later the leaf removal after 50% silking, the 
higher the remobilization of assimilates from stem to 
grains because the number of grains was determined 
18 days after 50% silking and since physiological 
sinks existed, more reserves of stem were used due to 
the deficiency of current assimilates, but leaf remov-
al at 50% silking resulted in the loss of grain number 
and so, less stem reserves were exploited because of 
the deficiency of physiological sinks. Ariannia [2] 
reported that corn remobilized more reserves of stem 
to grains under higher densities because of the defi-
ciency of assimilates which resulted in mean HI of 
54.59%. Edmeads Lafitte [6] reported that the yield 
sustainability of hot corn imposed by density or de-
foliation stress during reproductive period could be 
increased by selecting dwarf plants which was asso-
ciated with lower competition for current assimilates 
and the loss of storing capacity at reproductive pe-
riod and the resulting increase in HI. 

 

 
 

 
 
Fig. 1: Effect of (a) defoliation, and (b) irrigation interval on leaf area index (LAI). 
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Fig. 2: Effect of (a) defoliation, and (b) irrigation interval on leaf dry weight (LDW) 
 

 
Fig. 3: Effect of irrigation interval on stem dry weight (SDW). 
 
Grain yield: 

 
 According to the results of analysis of variance, 
defoliation significantly affected grain yield. Means 
comparison of different treatments showed that the 
highest grain yield (1377.235 g m-2) was produced 
under control and the lowest one (1014.494 g m-2) 

under the removal of lower leaves. Also, the effect of 
irrigation interval was significant on this trait, so that 
the highest yield (1404.413 g m-2) was produced un-
der the irrigation interval of 6 days and the lowest 
one (805.360 g m-2) under no-irrigation treatment. 
The interaction between defoliation and irrigation 
was not significant for this trait. The removal of tas-
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sels did not affect grain yield and also, the removal 
of cab leaves did not significantly influence grain 
yield. The intensity of defoliation resulted in the loss 
of grain yield and this trait showed more decrease 
under the removal of upper leaves of cab than under 
control. The removal of three upper leaves of cab 
resulted in the loss of grain yield as compared to con-
trol. This difference was related to the position of 
leaves on cab because upper leaves of cab enjoy bet-
ter conditions for light absorption. Although the re-
moved area of leaves was lower, their better position 
resulted in the absorption of more radiation and con-
sequently, when they were removed, grain yield was 
decreased to a greater extent compared to the remov-

al of three lower leaves of cab. Nelson [15] reported 
that stress could directly and indirectly affect the 
grain yield of corn. The direct effects included the 
death of plant, the intervention in pollination, and the 
rotting of cab induced by the injuries of pests and the 
indirect effects included those on the yield and har-
vesting capacity. Setter et al. [19] showed that grain 
setting in corn was determined by the photosynthesis 
of leaves and the concentration of sugars, starch, 
abscisic acid and cytokinin and that water deficiency 
for five days after pollination as well as at initial 
stages of pollination would result in the loss of grain 
setting around the terminal parts of the cab. 

 

 
 

 
Fig. 4: Effect of (a) defoliation, and (b) irrigation interval on grain yield. 
 
Dry biomass: 

 
 Analysis of variance revealed that defoliation 
significantly influenced dry biomass and means 
comparison showed that the highest dry biomass 
(3450.409 g m-2) was produced under control and the 
lowest one (2570.997 g m-2) under the treatment of 
the removal of upper leaves. Also, the effect of irri-
gation interval was significant on dry biomass, so 
that the highest and lowest dry biomasses (3464.398 

and 2118.649 g m-2) were produced under the irriga-
tion interval of 6 days and no-irrigation treatment, 
respectively. Defoliation indirectly decreased the 
yield by decreasing photosynthesis and when eco-
nomical yield was composed of aerial parts, it af-
fected the yield directly. In total, defoliation affected 
all growth and development processes and conse-
quently, the aerial parts. Different studies have 
shown that defoliation adversely influences plant 
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height, LAI, light absorption, photosynthesis, shoot 
dry weight, yield and yield components [14]. 
 
Thousand-grain weight: 

 
 Analysis of variance indicated that defoliation 
significantly influenced TGW and means comparison 
showed that the highest TGW (302.042 g) was pro-
duced under control and the lowest one (245.13 g) 
under the removal of lower leaves of cab. The effect 
of irrigation interval was not significant on this trait 
and also, the interaction between defoliation and irri-
gation was not significant for this trait. In the treat-
ment of removal of lower leaves of cab, TGW was 
decreased due to the deficiency of assimilates. It can 
be said that upper leaves of cab, particularly the 
leaves closer to cab, had the greatest effect on TGW. 
Also, the defoliation of cab resulted in the loss of 

TGW compared to control and the effect of defolia-
tion on TGW varied with the position and area of the 
defoliated leaves. Hixon et al. [8] reported that TGW 
was more affected by genetic characteristics and de-
pended on genetic factors and cultivar. Tollenaar and 
Daynard [20] and Esilaz and Seif  concluded that the 
adverse impacts of defoliation on grain yield was 
decreased after anthesis and that out of the yield 
components, TGW was affected. In a study on the 
effect of drought stress at three stages of before an-
thesis, at anthesis and at grain filling period on corn, 
Jaafari and Imani [10] concluded that drought stress 
at all studied stages resulted in significant loss of 
yield. The stress at anthesis imposed the highest 
damages to grain yield and resulted in 42% loss of 
yield. Stress at grain filling stage and before anthesis 
resulted in 15.8 and 12.5% loss of yield, respectively.

 

 
 

 
Fig. 5: Effect of (a) defoliation, and (b) irrigation interval on dry biomass. 
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Fig. 6: Effect of defoliation on 1000-grain weight. 
 
Table 1. Analysis of variance and means comparison for the studied traits of grain corn 

S.O.V. df LAI Leaf DW Stem DW Seed yield TDW TSW HI 
Replication 2 0.200ns 13511.674ns 17889.058ns 40206.03ns 35634.440ns 158.47ns 128.753* 
Defoliation (A) 6 3.460** 53429.601** 107586.815ns 277177.8* 1579919.827** 5617.31* 13.934ns 
Ea 12 0.321 7740.028 63841.074 67276.16 201784.100 1790.24 32.589 
Stress (B) 3 13.880** 140626.169** 649837.929** 1487244** 7158714.295** 15980.68ns 44.470ns 
A×B interaction 18 0.420ns 1931.290ns 8340.670ns 25337.74ns 20811.036ns 813.83ns 27.100ns 
Eb 42 0.366 8574.099 48369.347 107162.7 122849.231 5853.73 75.231 
CV (%) - 16.90 24.56 22.36 27.49 11.92 27.27 21.86 
  - (g.m-2) (g) (%) 
Control 4.273 a 465.983 a 1140.972 a 1377.235 a 3450.409 a 302.042 a 39.867 a 
Tassel removal 4.086 a 438.792 a 1062.621 a 1357.219 a 3279.983 a 300.177 ab 40.442 a 
Cab-leaf removal 3.987 a 431.338 a 1026.258 a 1302.516 ab 3223.582 a 296.211 ab 41.267 a 
Upper leaves removal 3.053 b 296.381 b 891.317 a 1040.897 c 2570.997 b 259.708 bc 39.747 a 
Lower leaves removal 2.913 b 323.267 b 905.081 a 1014.494 c 2645.683 b 245.134 c 39.730 a 
3 Upper leaves removal 3.455 b 350.724 b 941.653 a 1106.743 bc 2759.457 b 284.019 abc 38.615 a 
3 Lower leaves removal 3.282 b 332.854 b 916.347 a 1135.710 abc 2660.590 b 276.600 abc 38.039 a 
                
Control 2.429 c 267.072 c 740.660 c 805.360 b 2118.649 d 241.310 a 37.801  
6-day irrigation interval 4.163 a 460.551 a 1152.144 a 1404.413 a 3464.398 a 305.335 a 39.299  
12-day irrigation interval 4.143 a 408.610 ab 1057.132 ab 1318.819 a 3208.038 b 291.259 a 40.486  
18-day irrigation interval 3.578 b 371.960 b 983.920 b 1234.159 a 2975.030 c 284.320 a 41.104  
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